OBJECTIVEdType 2 diabetes is associated with an increased risk of several types of cancer and with reduced survival after cancer diagnosis. We examined the hypotheses that survival after a diagnosis of solid-tumor cancer is reduced in those with diabetes when compared with those without diabetes, and that treatment with metformin influences survival after cancer diagnosis.
C ertain types of cancers are more common in people with diabetes than in those without (1) (2) (3) , and diabetes is also associated with reduced survival after cancer (4, 5) . Interpretation of these observations is, however, confounded by the greater comorbidity and reduced life expectancy associated with diabetes, and by the possibility that those with diabetes may have less effective cancer screening (6) (7) (8) , leading to delayed diagnosis. It is also possible that people with diabetes may respond less effectively to some cancer therapies, or that they may tolerate them less well.
Patients who take metformin for type 2 diabetes have a lower overall risk of cancer and lower cancer mortality than those on other glucose-lowering therapies (9) (10) (11) . This finding has emerged consistently from both randomized and observational studies, and a number of mechanisms have been proposed by which metformin might suppress the growth of cancer cells, including reducing the concentration of circulating insulin, inducing apoptosis, and activating metabolic pathways such as LKB1/AMP-activated protein kinase (AMPK) (12) . However, there are concerns about confounding by indication because metformin-treated patients have different clinical characteristics than other diabetes-related treatment groups, such as those treated with insulin. Metformin is now recommended as the first-line treatment for all patients with type 2 diabetes, and is also under consideration for use in nondiabetic patients as an adjunctive therapy for cancer. There is therefore an urgent need to understand its potential effect on cancer prognosis.
This study aimed to characterize patterns of survival after incident cancer in people with type 2 diabetes, compare these with survival patterns in the nondiabetic population, and, in particular, determine if postcancer survival was related to the type of medication used to treat diabetes.
RESEARCH DESIGN AND METHODS

Data and subjects
Anonymous, routine data compiled from .350 primary care practices in the U.K. were analyzed in a retrospective cohort study. Available data included patient demographics, medical history (including diagnoses and health contacts), biochemistry and microbiology test results, and pharmaceutical prescriptions. Ethnicity was recorded sparsely for general practice locality but not at all for individuals and is therefore not included in our study. Diagnostic information was recorded using the Read code classification, used throughout general practice in the U.K. (13).
Observational time periods
Subjects were selected from practices from 1990, or from the date of the practice's acceptable mortality ratio, whichever was later. The acceptable mortality ratio ensures that the mortality patterns reported by practices are as expected based on the application of national mortality statistics. This helps remove the potential bias from a survivor effect. The final observation was in December 2009.
A minimum wash-in period of 2 years from general practice registration to cancer diagnosis was used to ensure that the identified cancer was the first cancer occurrence. Subjects' records were followed over time and were censored due to death, departure from the general practice, or 31 December 2009, whichever occurred first.
Patient selection
Selection was based upon a first diagnosis of a solid tumor. Cancer diagnoses recorded in general practice routine data in the U.K. have been empirically validated and have a high positive predictive value (14) . Diabetes was identified by a Read code indicative of diabetes and was flagged as type 1 or type 2 diabetes. Type 1 diabetes was subsequently excluded from all analyses. Individuals aged ,35 years at cancer diagnosis and those with hematological cancers prior to the solid tumor were excluded.
In order to examine the impact of selected glucose-lowering therapies, subjects with type 2 diabetes were further subdivided by selected regimens at cancer diagnosis: metformin, sulfonylurea, and insulin monotherapy. Patients were classified into these monotherapy groups by their treatment in the 90 days before their cancer diagnosis. A sensitivity analysis considered only those people treated with these specific monotherapy regimens 90 days after cancer diagnosis. In all cases, monotherapy with glucose-lowering therapies was indicated by a time-fixed, binary covariate.
Data analysis
The primary outcome measure was allcause mortality. The data lacked sufficient detail to capture cancer-specific mortality accurately. The analysis was first applied to all cancers and then replicated for cancer-specific sites: breast, prostate, colorectum, lung, bladder, ovary/endometrium, pancreas, and liver, selected because of their high frequency or their identification as a cancer of particular interest in the diabetic population.
Kaplan-Meier analysis was used to estimate mean and median survival. Cox proportional hazards models were used to account for differences in cohort characteristics. The reference group was the nondiabetic group for all analyses other than those limited to the diabetic population, where the reference group was metformin monotherapy. The specification of the baseline Cox model included three covariates: age, sex, and smoking status, before the addition of other covariates. Comorbidity was classified using the Charlson index (15) , adapted in order to exclude diabetes and the index cancer as predictor variables. Additional covariates included year of cancer diagnosis, Townsend index of deprivation, HbA 1c , and the number of general practice contacts, which was log transformed because of severe skewed distribution. The threshold for statistical significance was set at the conventional level of a = 0.05, and 95% CIs for hazard ratios (HRs) were calculated. Records with missing data were excluded automatically in the respective models. We tested the proportional hazards assumption for the Cox models by examining the Pearson correlation between Schoenfeld residuals and the rank of survival time for cases that progressed to an event (16) .
RESULTS
Subjects and baseline characteristics
Data were available for 112,602 people with solid tumors. Of these, 194 (0.2%) had type 1 diabetes and were excluded. Of the remaining 112,408 subjects, 8,392 (7.5%) had type 2 diabetes. Table 1 shows the baseline characteristics by nondiabetes and diabetes and by subsets of glucose-lowering therapy at the time of cancer diagnosis.
Those with type 2 diabetes were older (71.7 years, SD 9.5, vs. 67.5 years, SD 13.0; P , 0.001), more likely to be male (58.9 vs. 47.2%; P , 0.001), and had greater baseline morbidity, whether measured in terms of vascular disease (31.8 vs. 15.2%; P , 0.001), prior general practice contacts (11.2 vs. 7.0%; P , 0.001), or the Charlson index after adjusting for age (6.9 vs. 4.8 units; P , 0.001), when compared with the nondiabetic group. Those with type 2 diabetes had a higher BMI (29.4 vs. 25.9 kg/m 2 ; P , 0.001), but other modifiable risk factors were more favorable; for example, the proportion of current smokers (16.0 vs. 21.3%; P , 0.001) and cholesterol (4.4 vs. 5.1 mmol/L; P , 0.001).
There were also differences in baseline characteristics between diabetes-related treatment regimens. For example, 40% of people treated with insulin-only regimens were found to have a record of large vessel disease at cancer diagnosis versus 27% of those treated with metformin monotherapy (P , 0.001) ( Table 1) .
Overall mortality
The median (SE) and mean (95% CI) for overall survival were 6.8 (0.08) and 9.3 years (9.2-9.4), respectively. There was a significant difference in the unadjusted, overall hazard of mortality in people with diabetes versus nondiabetes (HR 1.24 [95% CI 1.20-1.29]) (Supplementary Fig. 1A) . After the inclusion of other Fig. 1F ). BMI was significant in the model, although it had no meaningful impact on the other HRs, but was excluded from the analysis because of missing data, which disproportionately affected the nondiabetic group. When the models were run with BMI included, there was no impact upon the HRs for diabetes versus nondiabetes.
Mortality by cancer site
Mortality differences by diabetes status varied considerably by cancer site ( were not significant.
In site-specific analysis, reduced mortality was observed in subjects treated with metformin monotherapy at the time of diagnosis for liver (HR 0.47 [0.24-0.91]) and ovarian/endometrial cancer (0.48 [0.28-0.81]), although no mortality differences were noted for the other cancer sites (Table 3 ). In sensitivity analysis considering patients treated with monotherapy for 90 days after a cancer diagnosis, significant differences were noted for lung (0.77 [0.59-1.00]) and ovarian/endometrial cancer (0.42 [0.23-0.77]).
CONCLUSIONSdWe set out to determine whether a diagnosis of solidtumor cancer was associated with shorter survival in people with type 2 diabetes when compared with those without diabetes, and whether metformin influenced this. The study confirmed that survival was reduced in those with diabetes after a diagnosis of cancer. After controlling for confounding factors, type 2 diabetes was associated with an ;10% increase in mortality for all cancers in comparison with those who did not have diabetes. This observation should, however, be considered with some caution because the increased mortality may have been related to the diabetes rather than to the cancer. When prognosis was examined by cancer type, bladder, breast, and prostate cancers were associated with diminished survival. The increased mortality for breast cancer confirms previous data reporting a significant HR of 1.4 for those with diabetes versus those without (11) . Here, however, diabetes was associated with slightly longer survival from lung cancer (1.8 vs. 2.2 years).
The study also showed that metformin therapy in the period preceding diagnosis was associated with a better prognosis after a diagnosis of cancer, compared not only with other forms of diabetes therapy but also with the nondiabetic population.
Although these data need cautious interpretation, they suggest that exposure to metformin after diagnosis is associated with improved survival for the majority of sites, although this was only statistically significant for cancers of the ovary/endometrium and the lung. Interestingly, this list did not include breast cancer, for which metformin is being studied in controlled trials as an anticancer agent. These findings add to the evidence that metformin may be of benefit in the prevention and/or treatment of some, but potentially not all, types of cancer. However when used in combination with either sulfonylurea or insulin, there was no significant difference in HR.
The difference in hazard between those with diabetes and those without was lower in our study than has, to our knowledge, been reported previously. For example, van de Poll-Franse et al. (17) reported an HR of 1.4, a value that was replicated almost exactly in a related meta-analysis by Barone et al. (5) . This may in part be due to the additional covariates used in our analysis, but these differences do warrant further investigation.
This study had both strengths and limitations. The most obvious strength was the large number of cancer and mortality events in the overall analysis. These data from general clinical practice may be considered representative of the general population, and the considerable detail of the drug exposure data was also a major advantage. Analysis of drug exposure is, however, complicated by changes in therapy, and we avoided this problem by restricting the analysis to those who remained on monotherapy before or after a diagnosis of cancer. In consequence, our analysis was restricted to those on monotherapy with metformin, insulin, and sulfonylureas or to those treated with metformin in combination with either sulfonylureas or insulin, representing ;60% of the overall diabetic population. This creates some difficulty in interpretation. For example, the observation that those on metformin alone preceding a diagnosis of cancer had a better prognosis might indicate that these individuals were healthier or better able to resist cancer than those on other therapies. Equally, however, it might simply mean that they were more likely to have remained on long-term metformin therapy after a diagnosis of cancer. Confounding by indication may also, and for similar reasons, be a concern when it comes to the observed lack of survival benefit for those allocated to sulfonylureas or insulin.
Other limitations include the lack of statistical power within some of the lowincidence cancers; thus, we restricted ourselves to analysis of metformin exposure as a simple binary variable. We did not have reliable data on cancer staging at diagnosis. Patients with and without diabetes may therefore have been diagnosed at different stages of the condition. We also did not have detailed information on cancer treatments received, which may have differed between those with and without diabetes. Furthermore, we did not have reliable data on cause of death and therefore relied on all-cause mortality as the outcome measure. Patients may therefore have died of causes other than cancer, and overall mortality will clearly be greater for patients with diabetes due to associated vascular causes. This may be particularly pertinent for tumors with a long survival period.
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